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Description 

This invention relates to a hot melt adhesive composition or a pressure-sensitive composition comprising 
a base resin and, as tackifier, a poly(4-methyM-pentane). 

5 Cationic polymers obtainable by the cationic polymerization of branched alpha-olefins such as 4-methyl- 

1-pentene have been long known. For example, JP-A-24480/1965 describes a process for polymerizing 3^me- 
thyl-1-butene or 4-methyl-1-pentene at low temperatures and suggests that the resulting crystalline polymers 
are suitable for producing plastics films or sheets. It describes that when an alpha-isomonoolefin is polymerized 
in the presence of a Friedel-Crafts type catalyst at a temperature of from -1 0°C to 100°C, amorphous polymers 

10 are obtained and that the amorphous polymers are suitable for use as paints, varnish lacquers, other additives, 
plasticizers, reinforcing agents and diluents. US- A-3 ,299,022 describes nomopotymers of branched a)pha-ole- 
fins and copolymers thereof, and discloses that polymers having molecular weights of from 1,500,000 to 
2,000,000 are amorphous viscoelastic solids. US-A-3 r 317,501 describes cationic polymers of 4-methyM-pen- 
tene and discloses that polymers having molecular weights of no more than 5,000 which are obtained when 

is using an AICI 3 catalyst at a temperature of from 54° to 170°F are tacky oils. Moreover, this patent describes 
that when the polymers having elasticity are mixed with polypropylene, the low-temperature impact resistance 
of the resulting polypropylene is improved. Further, Macromolecules, Vol, 10, No. 1 pp188 discloses that 
cationic polymers of 4-methyM-pentene have five structures. 

We have carried out studies with respect to cationic polymers of 4-methyl-1-pentene having specific proper- 

20 ties, and have now found that these araexcellent as a tackifier for a hot melt adhesive composition or a press- 
ure-sensitive adhesive composition. 

According to the present invention there is provided a hot melt adhesive composition comprising 100 parts 
by weight of a base resin and from 20 to 300 parts by weightof a tackifier comprising a poly(4-methyM-pentene) 
obtainable by cationic polymerization having a number average molecular weight (Mn) of from 200 to 40,000 

25 and a glass transition point of from -75°C to +1 0*C. 

The invention also provides a pressure-sensitive adhesive composition comprising 100 parts by weight of 
a base resin and from 20 to 200 parts by weight of a tackifier comprising a poly(4-methyH-pentene) obtainable 
by cationic polymerization having a number average molecular weight (Mn) of from 200 to 40,000 and a glass 
transition point of from -75°C to +10°C. 

30 In polymerizing 4-methyl-1-pentene Friedel-Crafts type catalysts such as AICI 3 , C2H5AICI2, (CjH^jAICl, 

AIBr 3 , and SnCI 4 ; and afkyt halides such as (CH 3 ) 3 C CI, C2H5BT, C 2 H 5 CI and CH 3 CI are used as a polymerization 
catalyst alone or in combination. These catalysts can be optionally used in combination with a co-catalyst such 
as CH 2 =CHCI. 

A solvent is not necessarily used because he aforementioned alkyl halide per se acts as a solvent. Solvents 

55 such as hexane and heptane may be used. 

The polymerization temperature is usually within the range of from + 80°C to -100°C, and particularly pref- 
erably from +30*C to -60°C. Conditions other than the conditions described above can be suitably selected from 
those described in the known technical literatures described above. Polymerization which proceeds under such 
conditions is cationic polymerization. 

40 In the present invention, the number average molecular weight (Mn) of the poly(4-methyl-1-pentene) used 
as a tackifier is from 200 to 40,000, and particularly from 300 to 30.000. If the molecular weight of this polymer 
is less than 200, the heat loss during the melting process will be increased and the adhesion strength (or tack 
strength) will be reduced. If the molecular weight of the polymer is more than 40,000, the tack and adhesion 
strength (or the tack strength) will be reduced. 

45 The glass transition point (Tg) of the polymer is from -75°C to +1 0°C, and particularly preferably from -60°C 

to -30°C. If the glass transition point of the polymer is less than -75°C, the heat loss during the melting process 
will be increased and the adhesion strength (or the tack strength) will be reduced. If the glass transition point 
of the polymer is more than +10°C, the tack and adhesion strength (or the tack strength) will be reduced. 
The polymer used in the present invention has characteristics as described above. Further, the weight aver- 

50 age molecular weight (Mw) is usually from 300 to 1 50,000, and preferably from 900 to 1 30,000. It is preferred 
that the Mw/Mn which is an index showing a molecular weight distribution is from 1.3 to 4.0, and preferably 
from 1.5 to 3.0. 

A hot melt adhesive is generally obtained by incorporating a tackifier (a tack producer) as well as optional 
waxes and other additives in a base resin such as an ethylene-vinyl acetate copolymer; and a pressure-sen- 
55 sitive type adhesive is generally obtained by incorporating a tackifier as well as optional solvents and other 
additives into a base resin such as a natural rubber or synthetic rubber. The hot melt adhesive is generally used 
as an adhesive or coating in the fields such as bookbinding, canning, woodworking, laminating, sheeting and 
coating. The pressure-sensitive adhesive is generally coated onto substrates such as papers, fabrics and plas- 
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tic films to form adhesive tapes and labels. In any case, these adhesive compositions are prepared by incor- 
porating the tackifier (the tack producer) in the base resin. Particularly, in the case of the hot melt adhesive, 
such tackifiers should have good compatibility with the base resin such as ethylene- vinyl acetate copolymer 
and the waxes, excellent adhesion properties, a good melting viscosity, excellent flexibility, good heat resist- 
5 ance, excellent light resistance and good hue. 

On the other hand, the tackifier (the tack producer) for the pressure-sensitive adhesive should have the 
following properties in combination: excellent compatibility with the base resin such as natural rubber or synth- 
etic rubber, good solubility in a solvent, good chemical stability, excellent weather resistance, good hue and 
low odor. 

10 When the poly(4-methyl-1-pentene) (referred to as polymer A) used in the present invention is employed 

in a hot melt adhesive as the tackifier, examples of base resins for use herein include ethylene vinyl acetate 
copolymers, polyethylene, polypropylene, ethylene-propylene copolymers, ethylene-acrylic acid copolymers, 
ethylene-acrylate copolymers, polyesters, polyamides, and polyvinyl acetate. In the case of the hotmeltcompo- 
sition, it is particularly preferred to use ethyl en e-vinyl acetate copolymers and ethylene-acrylate copolymers 

15 as the base resin. 

When polymer A used in the present invention is employed in a pressure-sensitive adhesive as the tackifier, 
examples of the base resins for use herein include rubbery polymers such as natural rubbers, styrene-butadiene 
copolymer rubbers, polybutadiene, polyisoprene, polyisobutylene, butyl rubbers, polychloroprene, ethylene- 
propylene copolymer rubbers, ethylene-propylene alpha-olefin copolymer rubbers, ethylene-propylene-diene 

20 copolymer rubbers, styrene-butadienq-styrene block copolymers, styrene-isoprene-styrene block copolymers, 
hydrogenated styrene-butadiene-styrene block copolymers (SEBS), and hydrogenated styrene-isoprene-sty- 
rene block copolymers. The styrene-butadiene-styrene block copolymers, styrene-isoprene-styrene block 
copolymers and hydrogenated copolymers thereof are particularly preferred. 

The ratio of polymer A used as the tackifier in the present invention to the base resin differs more or less 

25 between the hot melt adhesive composition and the pressure-sensitive adhesive composition. In the case of 
the hot melt adhesive composition, the amount of the tackifier is from 20 to 300 parts by weight, preferably from 
30 to 200 parts by weight per 100 parts by weight of the base resin. In the case of the pressure-sensitive adhe- 
sive composition, the amount of the tackifier is from 20 to 200 parts by weight, preferably from 30 to 150 parts 
by weight per 1 00 parts by weight of the base resin. 

30 In addition to the tackifier and base resin components, the adhesive composition containing polymer A 

according to the present invention can also contain optional various additives. For example, in the case of the 
hot melt composition, waxes such as petroleum paraffin wax, polyolefin wax and microcrystalline wax having 
a melting point of 40°C to 60°C. and antioxidants such as phenolic or bisphenoiic organic compounds and metal 
soaps are used as the additives. In the case of the pressure-sensitive composition, softening agents such as 

35 dioctyl phthalate, dibutyl phthalate, machine oil, process oil and polybutene; fillers such as calcium carbonate, 
zinc white, titanium oxide and silica; antioxidants such as amine, ketone-amine and phenolic compounds; and 
stabilizers are used as the additives. The amount of these additives are suitably determined depending on their 
uses or the like. 

A process for preparing the adhesive composition containing polymer A as the tackifier of the present inven- 
40 tion is different between the hot melt adhesive composition and the pressure-sensitive adhesive composition. 
In preparing the hot melt composition, a mixture of polymer A as the tackifier, the base resin described above 
and the optional various additives described above are heated with stirring to prepare a homogeneous melt, 
and this melt is formed into granules, flakes, pellets and rods on cooling depending on its uses. The resulting 
hot welt adhesive composition is again melted or employed in coating uses. For example, when it is employed 
45 in adhesion uses, a welding gun can be packed with a rod-like product in order to carry out corner adhesion 
of a molded product. 

On the other hand, the pressure-sensitive adhesive composition can be prepared by conventional methods. 
For example, it can be prepared by kneading a mixture of polymer A as the tackifier according to the present 
invention, the base resin described above and the optional various additives described above, on a roll; or by 

so dissolving the mixture in a suitable solvent 

When the adhesive composition containing polymer A as the tackifier according to the present invention 
is a hot melt adhesive composition and this hot adhesive composition is used as an adhesive or coating, polymer 
A as the tackifier exhibits excellent compatibility with the base resin, and has excellent heat resistance, hue 
and odor characteristics. Accordingly, a homogeneous hot melt adhesive composition is obtained, and this hot 

55 melt adhesive composition has excellent heat resistance and hue. Further, odor is weak during the preparation 
process and in use of the hot melt adhesive composition. When polymer A as the tackifier according to the 
present invention is used in the pressure-sensitive adhesive composition, polymer A as the tackifier exhibits 
excellent compatibility with the base resin, and has excellent heat resistance, hue, and odor characteristics and 
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wether resistance. Accordingly, a homogeneous pressure-sensitive adhesive composition is obtained, and this 
pressure-sensitive adhesive composition has excellent hue and weather resistance. Further, odor is weak. 

While the present invention is illustrated by the following examples, the present invention is not limited to 
these examples. 

5 Physical properties described in the examples were mearured by the following methods. 

(1) Hue was measured according to ASTM D-1 544-58-T and expressed in a Gardner number (G.No.). 

(2) Molecular weight and molecular weight distribution were determined on a polystyrene basis from a 
chromatogram obtained by measuring in a tetrahydrofuran solvent at a temperature of 40°C by means of 
a HLC-802 R type high-performance liquid chromatography manufactured by Toyo Soda. (Columns : G 

10 4000-H 8 , G 3000 H 8 and two G 2000H 8 available from the same company ) 

(3) Glass transition point (Tg) was measured in an amount of sample of 10mg at an elevation rate of 
10°C/minute by means of a differential scanning calorimeter DS-20 manufactured by Seiko Denshi Kogyo. 

EXAMPLE 1 

15 

A mixture of 84 grams of 4-methylpentene-1 and 158 grams of hexane was dropwise added to a catalyst 
slurry containing 1.3 gram of anhydrous aluminum chloride and 94 grams of ethyl chloride at a temperature of 
5°C (the dropping time was 50 minutes). After 2 hours from dropping initiation, 40 ml of methanol was added 
to carry out deliming and the reaction mixture was washed with water. 
20 The resulting polymerized oil was concentrated to obtain 82 grams of a polymer having a hue of no more 

than 1 (G.No.). a molecular weight of 1500, a molecular weight distribution of 2.5 and a glass transition point 
of-56°C. 

EXAMPLE 2 

25 

Eighty-four grams of 4-methylpentene-1 were dropwise added to a catalyst slurry containing 1.3 gram of 
anhydrous aluminum chloride and 84.0 grams of xylene at a temperature of 5°C. (the dropping time was 50 
minutes) After 2 hours from dropping initiation, 40 ml of methanol was added to carry out deliming and the reac- 
tion mixture was washed with water. 
30 The resulting polymerized oil was concentrated to obtain 60 grams of a polymer having a hue of no more 

than 1 (G.No.), a molecular weight (Mn) of 730, a ratio of Mw/Mn of 1.5 and a glass transition point of -57°C. 

EXAMPLE 3 

35 A mixture of 84 grams of 4-methylpentene-1 and 1 58 grams of hexane was dropwise added to a catalyst 

slurry containing 1.3 gram of anhydrous aluminum chloride and 94 grams of ethyl chloride at a temperature of 
-50°C. (the dropping time was 50 minutes) After 2 hours from dropping initiation, 40 ml of methanol was added 
to carry out deliming, and the reaction mixture was washed with water. 

The product was deposited with methanol to obtain 80 grams of a polymer having a hue of no more than 

40 1 (G.No.), a molecular weight of 14000, a molecular weight distribution of 2.8 and a glass transition point of 
-50°C. 

EXAMPLES 4 THROUGH 6 

45 1 25 parts by weight of each of the polymers obtained in Examples 1 through 3 were incorporated as a tack- 

ifier in 100 parts by weight of a SEBS block copolymer ("G-1657" available from shell Chemical), 75 parts by 
weight of a commercially available hydrogenated petroleum resin ("Arkon P-70" available from Arakawa 
Kagaku) and 1 part by weight of a stabilizer ("Irganox 101 0" available from Geigy company), and the resulting 
mixture was kneaded for 30 minutes at a temperature of 15G°C by means of a kneader to prepare an adhesive 

50 composition. 

This adhesive composition was hot melted for 20 minutes on a polyester film having a thickness of 25 
microns present on a hot plate at 195°C, and applied to a thickness of 30±5 micrometers by means of an 
applicator to prepare an adhesive tape. 

The performance of the adhesive composition was then evaluated by the test methods shown below. 
55 (1) Compatibility of the blend was measured by applying a hot melted adhesive composition to a glass plate 

to a thickness of from 2 to 3 mm and evaluating the transparency of the adhesive composition. 
AxompatibBity is good (transparent); 
Bxompatibity is slightly poor (translucent); and 
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C: compatibility is poor (opaque). 

(2) Tack (ball No.) was measured at a temperature of 20°C according to a J.Dow method. 

(3) Adhesive strength (gram per a width of 25mm) was measured at a temperature of 20°C according to a 
J IS 2-1524 method. 

5 (4) Cohesion (mm per 2 hours) was measured at a temperature of 20°C according to a JISZ-1 524 method. 

The results obtained by the test methods described above are shown in Table 1. 

COMPARATIVE EXAPLE 1 

10 Examples 4 through 6 were repeated except that the polymers obtained in Examples 1 through 3 were rep- 
laced with a commercially available liquid resin A ("Regalrez 1018" available from Hercules). 

COMPARATIVE EXAPLE 2 

is Examples 4 through 6 were repeated except that the polymers obtained in Examples 1 through 3 were rep- 
laced with a commercially available liquid resin B "Polybutene 10H-T" available from Idemitsu Sekiyu Kagaku). 

COMPARATIVE EXAPLE 3 

20 Examples 4 through 6 were repeated except that the polymers obtained in Examples 1 through 3 were rep- 

laced with a commercially available liquid resin C ("Kuraprene LIR-50 having a molecular weight of 47000 avail- 
able from Kurare Isoprene Chemical). 
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Claims 

5 1 . A hot melt adhesive composition comprising 1 00 parts by weight of a base resin and from 20 to 300 parts 

by weight of a tackifier comprising a paly(4-methyl-1-pentene) obtainable by cationic polymerization having a 
number average molecular weight (Mn) of from 200 to 40,000 and a glass transition point of from -75°C to 
+10°C. 

2. A hot melt adhesive composition according to claim 1 . wherein the base resin is an ethylene- vinyl acetate 
10 copolymer, polyethylene, polypropylene, an ethylene-propylene copolymer, an ethylene-acrylic acid 

copolymer, an ethyl ene-acrytate copolymer, a polyester, a polyamide or polyvinyl acetate. 

3. A hot melt adhesive composition according to claim 1 or 2, wherein the poly(4-methyl-1-pentene) has a 
number average molecular weight (Mn) of from 300 to 30,000, a ratio of weight average molecular weight (Mw) 
to number average molecular weight (Mn) of from 1 .3 to 4.0, and a glass transition point of from -60°C to -30°C. 

15 4. A pressure-sensitive adhesive composition comprising 1 00 parts by weight of a base resin and from 20 
to 200 parts by weight of a tackifier comprising a poly(4-methyl-1-pentene) obtainable by cationic polymeri- 
zation having a number average molecular weight (Mn) of from 200 to 40,000 and a glass transition point of 
from-75 o Cto+10°C. 

5. A pressure-sensitive adhesive composition according to claim 4, wherein the base resin is a natural rub- 
20 ber, a styrene-butadiene copolymer rubber, polybutadiene, polyisoprene, polyisobutylene, a butyl rubber, 
polychloroprene, an ethylene-propylene copolymer rubber, an ethylene-propyl ene-alpha-olefin copolymer rub- 
ber, an ethylene-propylene-diene copolymer rubber, a styrene-butadiene-styrene block copolymer, a styrene- 
isoprene-styrene block copolymer, a hydrogenated styrene-butadiene-styrene block copolymer, or a 
hydrogenated styrene-isoorene-styrene block copolymer. 
25 6. A pressure-sensitive adhesive composition according to claim 4 or 5, wherein the 
poly(4-methyl-1-pentene) has a number average molecular weight (Mn) of from 300 to 30,000, a ratio of weight 
average molecular weight (Mw) to number average molecular weight of from 1.3 to 4.0, and a glass transition 
point of from -60°C to -30°C. 

30 

Patentanspruche 

1. HeiBschmelzende Klebemittelmasse, umfassend 100 Gew.-Teile eines Grundharzes und 20 bis 300 
Gew.-Teile eines Webrigmachers, umfassend ein Poly(4-m ethyl- 1 -pen ten), das erhaltlich istdurch kationische 

35 Polymerisation, und ein mittieres zahlenmaBiges Molekulargewicht (Mn) von 200 bis 40 000 und einen Glasu- 
bergangspunkt von -75°C bis +10°C aufweist 

2. HeiBschmelzende Klebemittelmasse nach Anspruch 1, wobei das Grundharzein Ethylen/Vinylacetat- 
Copolymer, Polyethylen, Polypropylen, ein Etbylen/Propylen-Copolymer, ein Ethyl en/Acrylsaure-Copolymer, 
ein Ethylen/Acrylat-Copolymer, ein Polyester, ein Polyamid oder Polyvinyl acetat 1st 

40 3. HeiBschmelzende Klebemittelmasse nach Anspruch 1 oder 2, wobei das Poly(4-methyl-1-penten) ein 
mittieres zahlenmaBiges Molekulargewicht (Mn) von 300 bis 30 000, ein Verhaltnis des mittleren gewichtsmaBi- 
gen Molekulargewichts (Mw) zu dem mittleren zahlenmaBigen Molekulayrgewicht (Mn) von 1,3 bis 4,0 und 
einen Glasubergangspunkt von -60°C bis -30°C aufweist. 

4. Druckempfindliche Klebemittelmasse, umfassend 100 Gew.-Teile eines Grundharzes und 20 bis 200 
45 Gew.-Teile eines Klebrigmachers, umfassend ein Po»y(4-methyl-1-penten), das erhaltlich istdurch kationische 

Polymerisation, und ein mittieres zahlenmaBiges Molekulargewicht (Mn) von 200 bis 40 000 und einen Glasu- 
bergangspunkt von -75°C bis +10°C aufweist. 

5. Druckempfindliche Klebemittelmasse nach Anspruch 4, wobei das Grundharz ein Naturkautschuk, ein 
Styrol/Butadien-Copolymer-Kautschuk, Polybutadien, Polyisopren, Polyisobutylen, ein Butyl-Kautschuk, Poly- 

so chloropren, ein Ethylen/Propylen-Copolymer-Kautschuk, ein Ethylen/Polylen/a-Olefin-Copolymer-Kautschuk, 
ein Ethylen/Propylen^Dien-Copofymer-Kautschuk, ein Styrol/Butadien/Styrol-Biockcopolymer, ein Styrol/lso- 
pren/Styrol-Blockcopolymer, ein hydriertes Styrol/Butadien/Styrol-Blockcopolymer oder ein hydriertes Sty- 
rol/lsopren/Styrol-Blockcopolymer ist. 

6. Druckempfindliche Klebemittelmasse nach Anspruch 4 oder 5, wobei das Poly(4-methyt-1 -penten) ein 
55 mittieres zahlenmaBiges Molekulargewicht (Mn) von 300 bis 30 000, ein Verhaltnis des mittleren gewichtsmiBi- 

gen Molekulargewichts (Mw) zu dem mittleren zahlenmaBigen Molekulayrgewicht (Mn) von 1,3 bis 4,0 und 
einen Glasubergangspunkt von -60°C bis -30°C aufweist 



7 



BP 0 289 609 B1 



Revindications 

1. Composition adhes/ve thermofusible comprenant 100 parties en poids d'une resine de base et de 20 a 
300 parties en poids d'un agent pour I'adherence, renf ermant un poty(4-methyM -pentene) que Ton peut obtenir 
par polymerisation catronique et qui a une masse moleculaire moyenne en nombre (Mn) de 200 a 40 000 et 
un point de transition vitreuse de -75°C a +10°C. 

2. Composition adhesive thermofusible selon la revendication 1, dans laquelle la resine de base est un 
copolymere ethyfene/acetate de vinyle, un polyethylene, un polypropylene, un copolymere ethylene/propylene, 
un copolymere ethyl ene/acide acrylique, un copolymere ethylene/acrytate, un polyester, un polyamide, ou un 
poly(acetate de vinyle). 

3. Composition adhesive thermofusible selon la revendication 1 ou 2, dans laquelle le poly(4-methyl-1-pen- 
tene) a une masse moleculaire moyenne en nombre (Mn) de 300 a 30 000, un rapport de la masse moleculaire 
moyenne en poids (Mp) a la masse moleculaire moyenne en nombre (Mn) de 1 ,3 a 4,0 et un point de transition 
vitreuse de -60°C a -30°C. 

4. Composition adhesive'sensible a la pression, comprenant 100 parties en poids d'une resine de base et 
de 20 a 200 parties en poids d'uh agent pour {'adherence, renfermant un paly(4-methyl-1-pentene) que I'on 
peut obtenir par polymerisation cationique et qui a une masse moleculaire moyenne en nombre (Mn) de 200 
a 40 000 et un point de transition vitreuse de -75°C a +10°C. 

5. Composition adhesive, sensible a la pression selon la revendication 4, dans laquelle la resine de base 
est un caoutchouc nature), un caoutchouc copolymere styrene/butadiene, un polybutadiene, un polyisoprene, 
un polyisobutylene, un caoutchouc butyle, un polychloroprene, un caoutchouc copolymere ethylene/propylene, 
un caoutchouc copolymere ethylene/propylene a-olefine, un caoutchouc copolymere ethyl en e/propy- 
lene/diene, un copolymere sequence styrene/butadiene/styrene, un copolymere sequence styrene/iso- 
preneistyrene, un copolymere sequence styrene/butadiene/styrene hydrogene ou un copolymere sequence 
styrene/isoprene/styrene hydrogene. 

6. Composition adhesive sensible a. la pression selon la revendication 4 ou 5, dans laquelle le poly(4-me- 
thvi-1 -pentene) a une masse moleculaire moyenne en nombre (Mn) de 300 a 30 000, un rapport de la masse 
moleculaire moyenne en poids (Mp) a la masse moleculaire moyenne en nombre (Mn) de 1,3 a 4,0 etun point 
de transition vitreuse de -60*C a -30°C. 



